The resistance of group A Streptococcus (GAS) to macrolide antibiotics is now a worldwide problem. Preliminary sequencing of the genome of an erythromycin-resistant serotype M6 clone that was responsible for a pharyngitis outbreak in Pittsburgh, Pennsylvania, was conducted to determine the structure of the genetic element containing the mefA gene, which encodes a macrolide efflux protein. The mefA gene is associated with a 58.8-kb chimeric genetic element composed of a transposon inserted into a prophage. This element also encodes a putative extracellular protein with a cell-wall anchoring motif (LPKTG) located at the carboxyterminus. The mefA element was present in phylogenetically diverse GAS strains isolated throughout the United States. Culture supernatants, prepared after mitomycin C treatment, of a strain representing the outbreak clone contained mefA element DNA in a DNAse-resistant form. Together, these data provide new information about the molecular genetic basis of macrolide resistance and dissemination in GAS strains.
Genome sequencing, DNA microarray analysis, and other high-throughput investigative techniques have provided new information on the molecular mechanisms used by microbial pathogens to evade host killing and cause disease [1] [2] [3] [4] [5] [6] [7] [8] [9] . Genomewide analysis of pathogenic agents also has proved to be crucial in the identification of new potential vaccine and therapeutic targets [10] . Genome sequences are now available for at least one strain of most pathogenic bacteria, and, for many organisms, multiple strains have been sequenced [1] . As part of our ongoing genomewide studies of group A Streptococcus (GAS) pathogenesis [8, [11] [12] [13] , we recently sequenced the genome of serotype M3 and M18 strains cultured from patients with necrotizing fasciitis curs in association with many distinct M-protein serotypes [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , which suggests that the resistance genes have been independently acquired by distinct GAS clones, presumably by lateral (horizontal) gene flow. Consistent with this idea, macrolide resistance has been reported to be transferable by conjugal plasmids, bacteriophages, and conjugative transposons [35] [36] [37] [38] [39] , but the exact mechanism remains unclear. The majority of macrolideresistant GAS strains contain the mefA or ermTR gene. The ermTR gene in GAS encodes a methyltransferase that modifies target bacterial 23S rRNA at a highly conserved adenine residue located in the peptidyl transferase center [40] . Neither the mefA nor the ermTR locus has been described in its entirety in GAS, nor has the molecular structure of these loci been characterized in epidemiologically unrelated GAS clones.
In the course of preliminary sequencing of the genome of a macrolide-resistant serotype M6 strain recovered in Pittsburgh, we discovered that mefA was encoded by a 58.8-kb DNA element with transposon and prophage characteristics. This unusual chimeric genetic element was present in macrolide-resistant strains of diverse M protein serotypes recovered from patients in many geographic locations in the United States.
MATERIALS AND METHODS
Bacterial strains. Strain MGAS10394 is a serotype M6 organism that was cultured from a child in Pittsburgh, Pennsylvania, during a study of the epidemiology of pharyngitis in a private elementary school [22] . The organism is resistant to erythromycin, contains the mefA gene, lacks the ermTR gene, and has a chromosomal field-inversion gel electrophoresis pattern that is characteristic of the outbreak-associated serotype M6 clone [22] .
Genome sequencing. Preliminary sequencing of the genome of strain MGAS10394 was accomplished by methods described recently for Fusobacterium nucleatum, Bacillus cereus, and Brucella melitensis [41] [42] [43] . In brief, high-molecular-weight genomic DNA was isolated, sheared, size-fractionated, and used to construct libraries in plasmid pGEM3Z (2-3-kb inserts). Whole-genome shotgun sequencing was done with Applied Biosystems 3700 (Perkin Elmer) or MegaBACE 1000 DNA sequencers. The mefA region was expanded by primer walking over polymerase chain reaction (PCR) products and direct chromosomal sequencing. The mefA gene and open-reading frames (ORFs) were identified with proprietary software (Integrated Genomics) and entered into the ERGO bioinformatics suite for annotation [43] .
Detection and chromosomal mapping of mefA and mefA element-associated genes. PCR was used to screen erythromycin-resistant GAS strains for the presence of mefA and physically associated genes in strains from diverse localities and times (table 1) . Initially, a total of 48 pairs of PCR primers were used to amplify a region of ∼100 kb that, in strain MGAS10394, contains the mefA-containing element and flanking chromosomal genes. Subsequently, 58 pairs of PCR primers were used to characterize areas of the mefA region in more detail. The sequences of the PCR primers are available from the authors by request.
Induction of the mefA element DNA with mitomycin C and characterization of the mefA element DNA present in the culture supernatant of strain MGAS10394. Strain MGAS10394 was grown overnight in Todd-Hewitt plus yeast extract (THY) liquid medium (Difco) at 37ЊC in 5% CO 2 . The overnight GAS culture was diluted 1:100 with prewarmed THY, grown to an OD 600 of 0.2, divided into 50-mL aliquots, and treated with mitomycin C (0.2 mg/mL; Sigma) or nothing (control). The diluted bacteria were grown for 3 h at 37ЊC in 5% CO 2 and centrifuged at 8000 g for 15 min, and then the supernatant was sterilized with a 0.45-mm filter (Millipore). The filter-sterilized liquid was centrifuged at 141,000 g for 4 h at 10ЊC, and the pellet was suspended in 1 mL of prophage suspension buffer and incubated overnight at 4ЊC. Prophage suspension buffer contains 0.15 mol/L NaCl, 10 mmol/L Tris HCl (pH 7.5), 5 mmol/L MgCl 2 , and 1 mmol/L Ca Cl 2 [44] . Intact phage particles that were present in suspension buffer will be referred to as "phage suspension." Electron microscopy was conducted at 300,000-fold magnification on negative-stained (uranyl acetate) phage suspension.
To extract phage DNA, the phage suspension (0.5 mL) was treated with Benzonase (25 U; Novagen) for 1 h at 37ЊC, followed by 0.5% SDS (Bio-Rad Laboratories), 10 mmol/L EDTA (Sigma), and 500 mg/mL proteinase K (Sigma) for 1 h at 37ЊC. Phage DNA was extracted from the phage suspension with an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) (Sigma), followed by an equal volume of chloroform:isoamyl alcohol (24:1) (Sigma). Phage DNA was precipitated with a 20% volume of 3 mol/L NaOAc (pH 4.2) (Sigma) and a 2-fold volume of ethanol at Ϫ70ЊC for 2 h, washed with 70% ethanol, and suspended in deionized H 2 O.
Induction of the mefA element was monitored by PCR with forward and reverse primers (table 2) specific for genes present in this element. PCR to generate products 1-4 was conducted with a purified phage DNA template in 50 mmol/L KCl, 10 mmol/L Tris-HCl, 15 mmol/L MgCl 2 , 0.25 mmol/L each dNTP (pH 8.3), and 0.5 U Taq polymerase (Promega) for 30 cycles at 1 min 95ЊC, 0.5 min at 55ЊC, and 1 min 72ЊC. PCR to generate products 5 and 6 were conducted as described above, except that the annealing temperature used was 58ЊC and 50ЊC, respectively.
RESULTS
Electron microscopy of phage suspensions prepared from strain MGAS10394 treated with mitomycin C. Mitomycin C is a DNA-damaging agent that is known to activate recA-dependent bacteriophage induction in gram-negative and -positive bacteria, including GAS [45] . To test the hypothesis that the mefA element was inducible, we treated strain MGAS10394 with mitomycin C. Phage induction was confirmed by electron microscopy (figure 1). The phage particles had a long, noncontractile tail and an isoscahedral head, a structure that is typical of Siphoviridae [46] . A 58.8-kb chimeric foreign genetic element mefA gene in strain MGAS10394. Strain MGAS10394 is resistant to erythromycin and related macrolide antimicrobial agents. Martin et al. [22] reported that the emm6 clone responsible for the pharyngitis outbreak they studied contained the mefA gene, which encodes a drug efflux pump homologue [23, 24] . The genome context of the mefA gene in strain MGAS10394 and other GAS strains is unknown. Specifically, it is not known whether the mefA gene in GAS is encoded by a plasmid, conjugal transposon, prophage, or other element. To address this question, we analyzed low fold-coverage genome sequence data obtained from strain MGAS10394 for the presence of the mefA gene. The analysis revealed that the mefA gene was located on a 7.2-kb contig that included DNA identical to Tn1207.1, a transposable element that has been reported to encode the mefA gene in a macrolide-resistant strain of Streptococcus pneumoniae [47] . The GAS contig also had high nucleotide sequence identity to the mega element, a 5.4-kb chromosomal insertion element that contains the mefE gene and confers macrolide resistance in S. pneumoniae [48] (figure 2). Several rounds of primer walking were conducted to enlarge the mefA-containing contig to a 100-kb segment composed of a 58.8-kb region of DNA (henceforth referred to as the mefA element) and flanking GAS chromosomal DNA. Bioinformatic analysis of this contig found Figure 1 . Electron microscopy of phage particles purified from strain MGAS10394. The bacteria were treated with mitomycin C and centrifuged at 141,000 g. Phage particles were suspended in buffer and negatively stained with uranyl acetate. Magnification, ϫ300,000.
that the mefA element was integrated into the comEC gene (Spy1408), thereby disrupting this ORF (figure 3).
The 58,767-bp mefA element is composed of 2 regions that represent apparently distinct functional units (figure 3). As noted above, the 7.2-kb region located toward the left end of the element is identical to the transposable element Tn1207.1 in S. pneumoniae. Located to the right of the Tn1207.1 element is a ∼47-kb region that consists largely of prophage genes. A third region of note is located between the left end of the Tn1207.1 segment and the chromosomal junction. This area of the mefA element has an ORF that has been inferred to encode a cell-surface-exposed protein (see below).
mefA element in erythromycin-resistant GAS strains of diverse M protein serotypes and different locations. To determine whether the mefA element was conserved among macrolide-resistant serotype M6 strains from Pittsburgh, we used PCR to study 12 randomly selected erythromycin-resistant strains isolated over a 2-year period from children with pharyngitis. A total of 106 overlapping PCR products were analyzed, representing ∼100 kb of DNA that included the 58.8-kb foreign mefA element plus flanking chromosomal regions, as described above. All 12 macrolide-resistant serotype M6 strains from Pittsburgh had the identical PCR fragment profile, which indicates that the mefA element was conserved in these strains and integrated at the same chromosomal site (table 1) . In contrast, PCR products representing the 58.8-kb foreign element were not obtained from 2 macrolide-susceptible serotype M6 strains (MGAS11254 and MGAS11255) from patients with pharyngitis in Pittsburgh that were isolated during the 2-year study period (table 1) . PCR analysis indicated that the GAS chromosomal DNA flanking the 58.8-kb mefA element was intact in these 2 isolates (data not shown).
The discovery that mefA is present in a segment of DNA with characteristics of a mobile genetic element is consistent with previous observations that mefA is present in phylogenetically unrelated strains that express many distinct M protein serotypes, including (but not limited to) M1, M2, M4, M6, M11, M12, M22, M28, and M75 [22, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . mefA also has been reported to be present in macrolide-resistant strains of group C and group G streptococci and in oral commensal organisms [49] [50] [51] [52] [53] [54] . To test the hypothesis that mefA was associated with the mefA element in other macrolide-resistant GAS strains, we used the PCR-based mapping strategy described above to study 13 additional organisms from patients with pharyngitis in 8 states (Arkansas, Connecticut, Florida, Illinois, Pennsylvania, South Dakota, Texas, and Washington). These organisms represent diverse M protein serotypes, including M6, M12, and M75 (3 isolates each) and M1, M2, M3, and M4 (1 each). All 13 strains had a conserved region of ∼54 kb of the DNA element that included Tn1207.1 and mefA (figure 3; table 1 ). Two serotype M6 isolates from Washington and Illinois (strains MGAS11260 and MGAS11262) had PCR profiles for the mefA element that essentially were identical to the profile obtained for the Pittsburgh case clone, which suggests clonal spread. These 2 strains also have a prophage profile [55] identical to the Pittsburgh clone, which provides additional evidence to support clonal spread rather than the independent acquisition of the mefA element. However, among the other 11 strains, variation was present in the PCR products encompassing the left-hand region of the mefA element, which indicates genetic heterogeneity in this area ( figure 3 and table 1) .
mefA element encodes a previously undescribed putative extracellular cell-surface protein with a carboxyterminus LPKTG motif. GAS prophage-like elements commonly have 1 or 2 genes located at the 3 end that encode protein virulence factors that are actively secreted and are present free in culture supernatant [6, 7, 9] . Prophage-encoded factors such as pyrogenic exotoxin A (scarlet fever toxin) and pyrogenic exotoxin C are examples of these. Initial automated electronic annotation [43] of the left end of the mefA element did not reveal an ORF over a 5-kb segment. A region of this size that lacks an ORF is relatively unusual in prophages and bacterial genomes. Therefore, this region of the mefA element was examined more closely by GLIM-MER2 analysis [56] , to identify putative ORFs. A 3909-bp ORF was identified that would encode an inferred protein of 1303 amino-acid residues (inferred molecular mass of 149,488 Da). This protein is distantly related to a well-studied protein made by Plasmodium falciparum that is known as mature parasiteinfected erythrocyte surface antigen) (MESA) (20% amino-acid sequence identity) and to the R28 surface protein described in serotype M28 GAS strains (19% amino-acid sequence identity). Additionally, the N-terminus region (aa 1-713) of the putative extracellular cell-surface protein is distantly related to M protein made by Streptococcus equi (18% amino-acid sequence identity) [57] [58] [59] [60] [61] . This inferred GAS protein has an apparent gram-positive secretion signal sequence located at the aminoterminus and an LPKTG motif at the carboxyterminus (figure 4). The LPXTG motif functions to covalently link many extracellular virulence proteins to the cell wall in gram-positive bacterial pathogens [62] . In GAS, the LPXTG motif is present in M protein, M-like proteins, C5a peptidase, GRAB protein, serum opacity factor, a fibronectin-binding protein, streptococcal protective antigen, and 2 collagen-like proteins [62] [63] [64] [65] [66] . The R28-like protein is the first described putative or proven GAS phage-encoded virulence factor that contains this motif at the carboxyterminus of a protein.
Induction of the mefA element by exposure of strain MGAS10394 to mitomycin C. The DNA sequence data indicated that mefA was present in DNA with some prophagelike characteristics. This observation is consistent with previous reports that macrolide resistance in GAS can be horizontally transferred by transduction [36] [37] [38] . Mitomycin C is a DNAdamaging agent that promotes prophage induction in many bacteria, including GAS [46] . Purified bacteriophage DNA and PCR primers specific for the mefA element were used to determine whether the mefA-containing element was induced by the treatment of strain MGAS10394 with mitomycin C. As assessed by PCR, no spontaneous induction of the mefA-containing element was detected during growth in THY media (data not shown). In contrast, mefA element DNA was present in DNAse-resistant form in the culture supernatant prepared from strain MGAS10394 that had been treated with mitomycin C (figure 5). No PCR fragments representing the amplification of chromosomal (e.g., nonprophage) genes were observed after treatment with mitomycin C (figure 5). These results indicate that the presence of mefA element DNA in the culture supernatant was not due to contaminating chromosomal DNA released into the culture supernatant concomitant with bacterial cell lysis. Additionally, PCR products spanning the left-and right-hand junctions between the mefA element and the chromosome were not generated when purified phage DNA was used as the template. As expected, when purified phage DNA was used as the template, PCR products of the predicted size were obtained for target gene regions within the mefA element, including mefA (figure 5). These results indicated that mefA element DNA was present in culture supernatants in a DNAseresistant form, such as a phage capsid.
DISCUSSION
Macrolide resistance. The resistance of GAS to erythromycin was described initially in 1959 in Great Britain and was subsequently recognized in the United States in 1968 [67, 68] . It is now known that macrolide resistance in GAS is caused by at least 3 distinct genetic mechanisms-ermTR encoding a methyltransferase that modifies bacterial 23S rRNA at a highly conserved adenine residue located in the peptidyl transferase center [40] , mefA encoding an efflux protein homologue [23, 24] , and (rarely) point mutations in the gene encoding the L4 ribosomal protein [32] . The resistance phenotype has been reported to be transferable by conjugation [39, 69] and transduction [36] [37] [38] . However, in many studies, the demonstration of extrachromosomal DNA in either a drug-resistant donor or drug-resistant recipients was not achieved [69] , and the association of resistance determinants with GAS prophage DNA has not been reported. Recently, Giovanetti et al. [39] reported the conjugative transfer of erm(A) from erythromycin-resistant to macrolide-susceptible GAS. The acquisition of the resistance phenotype was associated with the appearance of a new ∼30-40-kb band in the pulsed-field gel electrophoresis pattern of genomic DNA extracted from the recipient strain, which suggests the involvement of a transposable element. In this regard, we note that Santagati et al. [47] reported that mefA in a S. pneumoniae macrolide-resistant isolate was associated with a 7244-bp chromosomal element, designated Tn1207.1, that contained 8 ORFs, including one encoding a site-specific recombinase (resolvase/invertase) homologue (figure 2). Similarly, Gay and Stephens [48] found that the closely related mefE macrolide-resistance gene in S. pneumoniae is encoded by a ∼5.5-kb genetic element referred to as the mega element ( figure   2 ). This element encodes 5 ORFs and is related to Tn1207.1 but lacks a putative transposase or recombinase. The mega element and Tn1207.1 have a gene related to msr(A) in Staphylococcus aureus that encodes a protein of the ABC transporter superfamily that is involved in macrolide efflux. Our sequence data indicate that Tn1207.1 is identical to part of the mefA element in many of the macrolide-resistant GAS strains that we studied. Moreover, Luna et al. [54] reported that 16 of 19 Figure 2 . Alignment of the group A Streptococcus (GAS) mefA gene region, with related genetic elements, in GAS and Streptococcus pneumoniae. MacVector was used to identify open-reading frames (ORFs) in the mefA element present in serotype M6 strain MGAS10394. ORFs designated in GenBank were used for S. pneumoniae Tn1207.1 (accession no. AF227520) and mega element (accession no. AF274302). The numbers shown refer to the percentage of nucleotide sequence identity between ORFs present in the mefA element in GAS strain MGAS10394, S. pneumoniae Tn1207.1, and S. pneumoniae mega element.
mefA-positive macrolide-resistant gram-positive isolates tested had the other 7 ORFs described in Tn1207.1. Hence, there is strong evidence of the promiscuous sharing of these drug-resistance genes among many bacterial species.
Novel cell-wall-anchored extracellular protein encoded by the mefA element. It is well known that GAS prophages encode extracellular proteins that interact with the host during infection and contribute to pathogenesis. Until very recently, all identified members of this category of proteins have been superantigens or DNAses. However, recently, Beres et al. [7] reported that a prophage in serotype M3 GAS encoded an extracellular phospholipase A 2 enzyme that has similarity to toxic proteins found in the venom of cobras and kraits. The identification of a gene in a foreign DNA element that encodes an extracellular protein with an LPXTG motif at the carboxyterminal has not been described previously in GAS. Inasmuch as many LPXTG-anchored proteins are GAS virulence factors [62] [63] [64] [65] [66] , our discovery provides additional motivation to study prophages and prophagelike elements in GAS.
We did not address the functional aspects of this putative surface protein. The carboxyterminus of the protein contains multiple repeats of 90 aa each. Each repeat has a 5-aa motif (KEKEE) that is found in the MESA protein made by P. falciparum and another 5-aa motif (VTYPD) that is present in the R28 protein made by serotype M28 and by many serotype M2 and M48 GAS strains [57] [58] [59] [60] [61] 70] . Additionally, the aminoterminus of this protein is distantly related to human heavychain myosin and S. equi M protein. MESA and R28 proteins are extracellular molecules, and neither of them has any known enzymatic activity. Although the exact function of the MESA protein is not known, it has been reported to bind to human erythrocyte protein 4.1 and is believed to modify the physical properties of erythrocytes [57] [58] [59] [60] . The R28 protein has been shown by Stalhammar-Carlemalm et al. [61] to participate in the adherence of serotype M28 GAS to human epithelial cells in vitro. There was no significant contribution of the R28 protein to mouse virulence, as assessed by intraperitoneal injection [60] , although it has been reported that the immunization of mice with this protein confers protection against intraperitoneal injection [71] . Of note, Facinelli et al. [72] reported a strong association between erythromycin resistance and the ability of GAS strains to be internalized by human respiratory epithelial cells, an attribute that has been suggested to facilitate escape from killing by b-lactam antimicrobial agents. We hypothesize that this GAS cell-surface protein assists GAS survival on host mucosal surfaces and may also participate in the evasion of phagocytosis, but additional studies are required to test this idea.
GAS genome sequencing, prophage-like elements, and GAS genome diversification.
Complete genome sequences have been published for 4 GAS strains, including serotype M1, M3 (2 strains), and M18 organisms [6, 7, 45, 73] , and the genome sequence of a serotype M5 strain is available online (http://www .sanger.ac.uk/Projects/S_pyogenes/). These genome sequences have revealed that phages or phage-like elements encode many previously unidentified proven or putative virulence factors [9] . Of importance, these genetic elements account for a very large proportion of the differences in gene content among the 4 strains. For example, 38%-75% of the genes uniquely present in the sequenced M1, M3, and M18 strains relative to the other strains are encoded by prophages or prophage-like elements [9] . In addition, DNA-DNA microarray analysis of 36 serotype M18 GAS strains recovered over a 50-year period discovered that virtually all genes uniquely present in each strain were prophage encoded [6] . Taken together, these data indicate that prophages or pro- strains. The identification of ORFs was done with MacVector, using ATG, TTG, and GTG as potential start codons. The minimum ORF length cutoff was set at 100 aa. MGAS strain numbers refer to strains listed in is shown in red. Amino acids 21-713 correspond to a region that is rich in lysine, aspartic acid, and glutamic acid residues. Amino acids 714-1253 (blue) are characterized by 6 identical 90-aa blocks. Each of these 6 repeat regions has a VTYPD and KEKEE amino-acid sequence motif that is present in the group A Streptococcus (GAS) R28 protein and Plasmodium falciparum mature parasite-infected erythrocyte surface antigen (MESA) protein, respectively. A LPKTG cell-wall anchor motif (yellow) was located at the carboxyterminus. Nos. in the protein schematic refer to amino-acid residues. Note that, because of DNA laddering, the exact no. of repeat regions could not be determined with full confidence.
phage-like elements are fundamental contributors to GAS strain evolution, genome diversification, and strain emergence. By showing that a 58.8-kb foreign DNA element contains mefAmediating antimicrobial agent resistance, we confirm and extend this important theme to the arena of drug resistance. Furthermore, our data unambiguously demonstrate that the mefA element has been transferred horizontally to many phylogenetically distinct GAS strains. Our studies did not define the molecular mechanism that mediates the horizontal transfer of mefA. However, 4 lines of evidence suggest that transduction can play a role. First, we used generally accepted protocols to identify phage DNA in the culture supernatant of strain MGAS10394 treated with mitomycin C, a chemical that is known to stimulate prophage induction [45] . The DNA was resistant to exogenously added DNAse, which is consistent with the idea that the mefA element DNA was packaged in a protein coat, as are phage heads. Second, as demonstrated by transmission electron microscopy, abundant phage particles were present in the supernatant of strain MGAS10394 treated with mitomycin C. The structure of the phage particles was similar to that reported for other GAS phages. Third, several investigators have previously reported that the macrolide resistance phenotype can be transferred between strains by transduction. Fourth, phylogenetically diverse macrolide-resistant GAS strains had mefA linked to the prophage-like element. Our hypothesis of phage-mediated transduction involving some or all of the mefA element does not rule out the possibility that other molecular mechanisms also may participate in the horizontal transfer of mefA between b-hemolytic streptococci and other bacteria in natural populations. Indeed, one reason that the mefA-mediated macrolide resistance phenotype has spread so rapidly and is present in many distinct phylogenetic lineages of GAS may be that several molecular dissemination strategies occur.
Our data suggest a plausible mechanism to explain the origin of the chimeric mefA element in serotype M6 GAS. We believe that the most parsimonious hypothesis is that a precursor erythromycin-susceptible serotype M6 strain contained some or all of the prophage identified in our study. This ancestral serotype M6 cell then acquired the mefA-containing Tn1207.1, either from S. pneumoniae or from another donor present in the upper respiratory tract. This hypothesis predicts the existence of serotype M6 GAS strains that do not have either mefA or Tn1207.1 but contain the prophage genes that flank the Tn1207.1 element in strain MGAS10394. Indeed, data consistent with this hypothesis have been generated by PCR analysis of erythromycin-susceptible, mefA-negative serotype M6 strains (unpublished observations). Additional studies are under way to elucidate the extent of the distribution of this prophage in a natural population of GAS from diverse geographic areas. 
